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给药方案为：FTY720 的剂量为 2mg·kg-1·day-1，心脏移植术前 3 天给药，直至术
后第 14 天；共刺激分子单克隆抗体（Costimulator molecule monoclonal antibody，
anti-mouse-LFA-1 and anti-mouse-CD40L mAb ） 用 量 分 别 为 0.1mg/ 次
anti-mouse-LFA-1 mAb 和 0.25mg/次 anti-mouse-CD40L mAb，术后第 0，2，4，6
天各给药一次。观察心脏移植物生存期，运用免疫细胞学、分子学和蛋白学检测
TEM、Treg 细胞，IL-2、IFN-γ和 IL-10、TGF-β等细胞因子，以及移植物中细胞
因子 mRNA 表达的情况和移植物病理切片等研究其可能机制。 
结果：1、FTY720 组和共刺激分子单克隆抗体治疗组的平均生存期（mean 
survival time，MST）分别为 4.6 天和 4.7 天，比较对照组 MST 为 3.4 天，具有





























可以明显抑制 T 淋巴细胞增殖，联合组更明显（P 均＜0.001），CFSE 荧光染色
测定 T 细胞增殖实验的结果与此类似；MLR 上清的细胞因子含量测定显示
FTY720 组 IL-2，INF-γ水平有不同程度下降，联合组更明显（P＜0.001）；TGF-β
在联合用药组变化趋势与 IL-2 相反（P＜0.05）。4、FTY720 可以明显减少 CD8+TEM
对心脏移植物的浸润；心脏移植物病理 ISHLT 评分也显示了 FTY720 和联合用
药组比较对照组存在明显差异（分别 P＜0.05 和＜0.001）；联合用药组比较单用
抗体组，ISHLT 评分差异也具有显著性（P＜0.001）；治疗组心脏移植物的 IL-2、
IFN-γ mRNA 的表达有不同程度下降，此差异在联合组 为明显（P＜0.01）；而
IL-10、FOXP3 的趋势则与 IL-2 等相反。5、通过体重记录和相关器官组织的病
理切片评分，评估 FTY720 和抗体对受体小鼠的短期不良反应，发现两者的安全
性较好，病理评分不认为有肝肾肺和胃肠道的急性损害作用。 
结论：① FTY720 促进归巢，致使外周血 CD4+和 CD8+T 细胞减少，并且大
幅度减少 CD4+和 CD8+TEM亚群的比值，减少 TEM对移植物的浸润；② FTY720
单独运用或者联合共刺激分子单克隆抗体可以诱导Treg的增殖、分化，增加 IL-10
和 TGF-β的 mRNA 表达，促进其分泌的相应细胞因子水平升高；③ FTY720 可























Background and purpose: In clinically, organ transplantation is required for organ failure 
patients with end-stage, in fact, because of reduplicated infection, pregnancy, multiple 
blood transfusions, dialysis, and been-performed tissue/organ transplant, there are 
different levels of specific or non-specific antigen memory T cells (Tm) in the body, 
the secondary transplantation can produce hyperacute rejection. Allogeneic primed by 
the skin in mice can simulate the state of the Tm in human body. We try to use 
FTY720 and stimulate molecular monoclonal antibody inhibition the Tm infiltration 
of secondary graft in the skin-primed secondary heart transplantation model in mice. 
So as to achieve the objective of prolonging graft survival, and provide a deeper study 
to discussed the possible mechanism. 
Method: We transplanted the dorsal skin from BALB/C to C57BL/6. 4 weeks later, 
C57BL/6, receptor mice, rejected the transplanted-skin, which was called primed 
mice, BALB/C as donors, performed cervical heterotopic heart transplantation, which 
was the secondary transplantation. According to the different treatment methods, we 
divided them into four groups: control group, FTY720 group, costimulator 
monoclonal antibody group and combination group. Dosage regimen as: FTY720 was 
2mg•kg-1•day-1, administered the 3rd day before heart transplantation until the 14th 
day after transplantation; costimulator monoclonal antibody were used for 
0.1mg•day-1 anti-mouse-LFA-1 mAb and 0.25mg•day-1 anti-mouse-CD40L mAb, at 
the same day and the 2ed, 4th, 6th day after the transplantation. In order to study the 
possible mechanism of the treatment program, we observed the cardiac allograft 
survival, useed cytopathological, molecular and protein examinations to detect the 
TEM, Treg cells, the levels of IL-2, IFN-γ and IL-10, TGF-β, and expression of 
cytokine mRNA in graft and pathological of graft. 
Results: 1, The meam survival time (MST) of FTY720 group and the molecular 
monoclonal antibody group were respectively 4.6 days and 4.7 days, compared with 

















group, the MST reached 18 days, with the statistically significant difference 
(P<0.001). 2, In peripheral blood, we found that the proportion of CD4+ and CD8+ T 
cells in the groups of FTY720, monoclonal antibody and combination can be 
decreased significantly (P<0.01); TEM (CD44 
hi CD62L lo) in CD4+ and CD8+ T cells 
decreased with the statistically significant difference (P < 0.01) in these treatment 
groups. There were no statistical differences with the ratio of CD4+ TEM and CD8
+ 
TEM of spleen in FTY720 group, compared with the control group (P>0.05); CD4
+ 
and CD8+ TEM in combined group separately decreased compared with the mAb and 
control group (all P < 0.05); FTY720 can significantly induced proliferation of CD4+ 
FOXP3+ Treg in spleen compared with the control group (P<0.05), the same variation 
tendency in combined group (P<0.01). TEM in lymph node changed similarly in the 
spleen. Compared with the control group, Treg of lymph node in the combined group, 
there was a significant increase of the proportion (P<0.05). 3, In MLR, 
FTY720-aloned and combined with the mAb of costimulation molecules can inhibit T 
lymphocyte proliferation most obviously (P<0.001), the result of CFSE is similar 
(P<0.001). In the culture supernatant of MLR, cytokine content determination showed 
that the levels of IL–2, INF–γ in FTY720 group have different degree of decline, the 
combination group was more obvious (P < 0.001); TGF–β in the combination group 
change trend is just the opposite of IL-2 (P < 0.05).4, FTY720 can decrease the 
infiltration of CD8 + TEM in cardiac graft. The ISHLT pathology score of cardiac 
grafts also shows the significant difference in FTY720 and combined groups (P < 0.05 
or < 0.001). The IL-2, IFN-γ mRNA expression levels of cardiac grafts suggest that 
FTY720 and costimulation molecules mAb have different level drops, there was the 
greatest significance of difference in combined group (P < 0.01), and the trend of 
IL-10, FOXP3 mRNA expression levels were in contrast to the IL-2, IFN-γ. 5, We 
through pathological section weight records and related organ score, short-term 
adverse reactions to recipient mice to evaluate FTY720 and mAb, found they were 
more safety; pathological score don't show the effects of FTY720 and mAb of acute 

















Conclusion: ① FTY720 promote the lymphocyte homing, that result to CD4+ and 
CD8+T cells be decreased in peripheral blood, and it can greatly reduce the ratio of 
CD4+ and CD8+ effector Tm to protect the graft to infiltrate of effector Tm. ② 
FTY720 used alone or combined with costimulator monoclonal antibody can induce 
Treg proliferation, differentiation, increase expression of IL-10 and TGF-β mRNA, 
promote the secretion of the corresponding elevated cytokine levels. ③ FTY720 can 
significantly inhibit the proliferation of effector Tm, the IL-2, IFN-γ secreted by 
effector Tm cells. ④ The short-term adverse reaction of FTY720 and costimulatory 
molecule monoclonal antibody was slight. 
Keywords: FTY720; Costimulator molecule monoclonal antibody/Costimulatory 





































1954 年，美国波士顿，Joseph Murray 医生，指导完成世界首例同卵双生姐
妹的肾移植成功，为临床医生挽救终末期器官功能衰竭患者的器官移植、失明患
者的角膜移植、晚期糖尿病患者的胰岛移植等开辟了新的路径，同种异基因/同




主反应（Graft versus Host Reaction, GVHR）和宿主抗移植物反应（Host versus 











斥反应(Heperacute Rejection, HAR)、急性排斥反应(Acute Rejection)、延迟性排斥





























通过术前严格的 AB0 血型配合、组织相容性抗原试验（人类白细胞抗原 Human 






HAR，可单独列出研究。多在术后 2～5 日内发生，也可出现在术后 1 个月内。
临床表现为移植器官功能迅速减退或丧失。病理表现为移植物小血管炎症和管壁
的纤维素样坏死，实质为移植心脏的血管内血栓形成，大量巨噬细胞浸润及移植
物坏死，但多无补体 C3 沉积[4]。且不能完全被他克莫司（Tacrolimus, FK506）、
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